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SUMMARY

Tests were oonducted to develop a clip-ring and brush Byatem
that will perform satlsfaotorily in aircrtit-engine, dynemlc-takaln-
measuring application where reel~tance-wire etrain gageB are the
means of measuring the strain and to oorrelate the data obtained
from tests in order to provide a basi~ for predicting the per-
formance of similar slip-ring and brush systems operating under
conditions slmllar to those imposed by these tests.

A total of 24 combinations of slip-ring and brush materials
were tested dry and g of these combinations were also tested in oil.
Zests were run in oil beceuse In some dynemlc-strain-measuringap
plioations, suoh as these wlth5n engine crankcases, oil Is on the
sliding contacts.

Test results of the slip-ring and brush combinations rated as
the most practicable for use in clrouits to measure dynamic strain
-e as follows:
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Material com%lnation Brush pressure required for
6atlsfactory operation dry

(lb/sq In.)

Plate-brass siip rings and silver- 90
graphite brushes

l!!nel-metal slip rings and silver-
graphite brushes 95
Inconel slip rings and silver-
graphite brU6keEI 100
Shin-brass slip rings and silver-
grapMte hzmshes 95
Silver-pluted slip rings end soft-
carbon hushes 95

Zhe only cOrnM~tion to operate satisfactorily in oil was the
shim-brese slip rlug~ (Vlckers harduees number, 150) and the
silver-graphitebrides; a brash pressare of 175 pounds per
square Inch was r9quired. None of the foregoing combination
showed exce~sive wear when tested dry and the shim-braas slip
rings operated in oil from 5 to 10 hours without undue wear.

The results of these tests were utillzed in the desfgn of
a slip-ring aad brush system that performd satisfactorily In a
crankshaft d connecting-rod stress-mea6cring a@ication.

INTRCIXJCTIO19

The inve6tig~tion reported herein was made at the NMA
Cleveland laboratory at the request of the Army Air I’orcea,Air
.Techntcal S6rvlce Cmmand, and is Tart of a program to develop
Instrumentation for use in determlnlag actual operating stresses
in rotating-ahat’tsyeteme such as aircraft-engine crazdcshafta
and connecting rods. Wnere resistance-wirs strain gages are used
to measure dymmic strains, a means of communication between the
strain gagea end the instruments recording the strains is necessary.
Slip rings aad brushes, or some other t~e of sliding contact,
are most commonly used as a means of communication.

Considerable reseaiichhas been done on the phenomena of
sliding coatacts u~ed to trausmlt electric power, as in the case
of electric motms. The results of this previous work have proved
of Little practical value Insofar aa systems for measuring dynamic
strain are concerned, because strain-meaauring systems transmit
only a small amount of electric rower. Furthermore, slip rings
and brushes Ga electric motors are designed to have a low voltage
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drop and relatively little attention 10 given to the variations in
the drop. A good sllp-ring system for measuring dynamio stralnfacan
kve.~.a~eola31e .volt~e drop,...buititIs important that the drep
remain constant wlthln very close limits.

The objects of the present Investigation”werethertiore (1)
the development of a allpring and brush system through whlcha s-l
amount of electric power could be transmitted and in which the contact-
resistance change between the slip rings and brushes would remain -1
enough that the strain signal would not be obscured by variation of
voltage drop through the slip rings and brushes; (2) the correlation
of data from teets of slip r~ngs and brushes in or~er to provide a
bataiefor predicting the performance of similar systems operating under
slm51ar omdltions.

Tests were run on 24 combinations of slip-ring and brush mate-
rials operating dry * g of these combinations operating in oil.
Tests were run in oil because in some applications of dynamic-strain
measurements oil Is on the slidlng contacts as, for example, within
an engine crankcase. Slip-ring speed and brush pressuzzewere varied
to determine the uperating characteristics at several conditions. Wear
tests were man on one combination in oil and wear characteristicswere
noted throughout all the other tests. The results are given in the
form of tables and graphs, which can be of assistance in the desi~ of
similar systems. Reference is made to the performance of alrcraft-
engine, dynnmlc-strain-measuringapplications that me the result of
these tests.

APPARATUS

Slip-IUng and Brush Testing Machine

The equipment shown in figure 1 was designed to test combinations
of sliprhg and brush materials both dry and wet with oil and at
various ellp-ring speeds and brush pressures. All the slip rings
tested were of the tial type; that 1s, the sliding-contact surfaces
were perpendicular to the slip-ring axes of rotation.

Two different tries of construction were used on the slip rings.
In one type of assembly, the slip rings were made of

?!
im bras , 0.016

?Inch thick and 3/g inoh wide, with mean diameters of L , 3, ~t -
2 2

6 inches. Aphenolic resin cement was used to attach these four thin
rings to a steel disk 1/4 Inch thick and 7 Inches in diameter. The
secoti type of conetruotion used slip rings that were disks 1/4 inch
thick and 7 ~nches in diambter made of the sli~rhg materials being
tested. These slip rlnge, or %ingplates,n were bolted to face
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plates on either end of the shd’t of the testing machine (fig. 1).
The ring plate on one enii of the shaft of the testing machine was
housed to provide for operation of the slip rings in oil. Ae the
ring plate rotaiod, it dipped into an oil bath in the bottom of the
housing in such away that oil was copiously splashed on the slip
rings during operation. A variable-speed drive was used to rotate
the slip rings at speeds from 500 to 3000 rpn.

The brushes were l/g Inch in diameter and 9/16 Inch In length
and their longitudinal axes were pamllsl to the axis of slip-ring
rotation. Calibrated springs were used in adjustable brush holders
to provide brush pressures from 12 to ~ pounds per square inch.
T&e brush holders were so spaced that the brushes conld be operated
on any one of four slip-ring diameters, 12 , 3, &, or 6 inches.

2 2

The slip-ring and brush materiels teeted are listed in tables
I and II.

Signal Generator

Signals of various amplitudes were generated by resistance-wire
strain gages of 50C-obm and 1000-ohm resistance with a strain-
sensitivity factor of approximately 2.15. These strain gages were
mounted on a steel cantilever beam that was subjected to a beading
stress at a frequency of 1000 cycles ner minute. The signal thus
generated closely resembled n sine wave. The etress ranges applied
to the 500-ohm and the 1000-ohm gages were 12,000 and 13300pounds
per square inch, respectively.

Instrumentation

The circuits shown in figure 2 were so interconnected that either
the Wheatstone-bridge circuit or the potentiometer circuit could be
used depending on the position of a selector switch.

Wheatstone-bridge circuit. - The slip rings and brushes at the
ends of the testing-machine ehaft could be placed in series with the
battery circuit or shorted out of the battery circuit. In a dynamic-
strain-measuringapplication, where all the arms of the bridge would
be attached to the rotating part under test, slip rings and brushes
would have to be used In the amplifier-oscilloscope circuit In addi-
tion to those In the battery circuit. In these tests, however, it
was considered unnecessai’yto test the slldlng contacts in the
amplifier-oscilloscopecircuit because the vEwying contact resist-
ance of the slip rings and brushes was negligible when compared with

I



the 500,000+hm total impedance & the ancplifier-oscllloecopecir-
cuit. Tests with sliding contacts In both circuits verified this .
asevmptkm. , -n .4. .. . , ,.. . .. .-,-.. .-.-. ......

The amplifier-oscilloscopecircuit of a Whealmtone bridge is
affected by slip-ring and brush interference even when the bridge 1s
In resistance balance. This interference is due to the effect of the
rapidly changing voltages and currents applied by the slip rings and
brushes and is afunctian of all tho capacitances, inductances, and
resistamcas in the smtire circuit. Tho bridge could be so balanced
for one freguency that a sinusoidal change of resistance in the bat-
tery circuit would not affect the oscilloscope. A condition was
nsver found, hnwevor, that would eltiinate the slip-ring and brush
interference because th~.sinterference includes a wide band of
frequencies.

An improvement in the system could bo effected by amploylng a
filter jn the battery circuit, but filters were not used in this
I.nvestigaticmbecause the~ would have partly obscured the ccxnp~ison
of perfmmance between the varicus types cd FIlipring. ‘Ikeuse of a
filter in the ampljfjer.oacilloscupecircuit would not be desirable
because it would ~ltitite components M the strain signal as well
an the Interference introduced by the slip rings and brushes.

Potentianeter circuit. - The flliprings cnd brushes at the cmmls——— .——.
of the testing-machine Ehtit could be eithGr placed in series wfth
‘&e battery and the strain ga~ or Aofied out of the circuit. A
cabinatlon electronic voltmeter and amplifier served as a means af
callbratj~ the cathde-r~ oscilloscope and also of preamplifylng
the strain-ga~ s1.~ls or the ai~ls Benerated by the varying
voltage drop across the slidlng contnctQ.

In the potentiaoter circuit, a change in resistance throupjh
the sl.idjngcm]tacts had exactly the same ef..ecton the recording
instruments as a similar change in res.[etanco& the strain gage.
For thiE reaeon, recording Instrumefitsin tho potenticxnetercircuit
were more sensitive to changes in sljding-onntactresistance than
recording instruments in the Wheatstcme.-bridgecircuit, as was sbo%m
by tests of these two clrouits under the same condlticms.

TEm! ERocErmE

Determination of MinlruumBrush Pressure for Satisfactory Performance

The purpose cd’the first set of tests was to detetine the mini-

mum brush pressure at which a gi7en sllp-ring and brush ccmbinat~on
would pwfozm satistac%ri~, E3atisfaotcryperformance was defined

L— -——.. . .— - ----
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as the oondltion of operation in which no difference was apparent
between the signals when the slip rings amd brushes were in the
circuit and when they were shorted out of the circuit.

B’ourbrushes on the same slip-ring diameter were placed In
the battery circuit of the Whetstone bridge ehown In figure 2(a).
Two of the brushes connected in parallel conducted the current into
the slip rings and two of the brushes connected in parallel con-
ducted the current out of the slip rings. The signal was generated
by a strain gage of 1000-ohm resistance mounted on the steel canti-
lever beam at a point whare the mEuImum alternating stress was
g300 pounds per square inch. The strain-gage current was main-
tained between 20 and 25 milliamperes.

At the beginning of a test the slip rings and brushes were
cleaned with acetone and their mating eurfaces were polished. The
setup was then given a l-hour run-in with the slip rings rotating
at 100n rpm and the brush pressure at approximately 60 percent of
that required for eatiOfactory operation. This run-in period
allowed the film conditlone of the brushes and slip rings to ap-
~roach equilibrium.

Following the run-in period, the brush pressure was reduced
to 12 Wunds per square Ingh, the slip-ring speed was Increased to
2370 rpm, and the slip ring was run for 15 minutes. If at the end
of that time the trace observed on the oscilloscope screen was
unsatisfactory, the brush pressure was increased and the slip ring
was again allow= to run for 15 minutes. Thus, while the slip-ring
speed remained ccnstant, the brush pressure was Increased until a
point WF.Sreached at which the trace was satisfactory. This brush
pressure was recorded as the minimum allowable for satisfactory
signal transmission. The foregoing procedure was repeated for each
slip-ring dhmeter and for eacn of the 24 combinations tested dry
(table I) and the 8 combinations tested in oil (table II). The
data obtained are shown in these tables. The oil used in theee
tests (sAE60) was maintained at a temperature of approfi~tely
1500r.

Five of the combhattons listed in table I were considered
most practicable for uee in circuits to measure dynamic strain.;
theee combinations were teeted to determine their minimum brush
pressure for satisfactory operation at slip-ring speeds of 500,
1000, 2000, and 3000 rpm. The testing procedure wae the same as
the one previously deecribed except that the strain-gage resist-
ance was ~0 ohms, the stress at the point where the strain gage
was attached to the steel cantilever beam was 12,000 pounds per
square inch, and the strein-gage current was maintained between
35 end 40 milliamperes.

——. , . —. .,. ,, , , , —-.-—.. ,,-. ..-
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Oontaot-ReeiatanoeOhange

The sli~ring and brush oontaot-resiBtance ohange of the fIve
oomblnatlone mentioned”in-the preceding Paragrpph was measured as
follows:

The oecillosoone was calibrated in the potentiometer oirouit
(fig. 2(b)) by connecting the electronic voltmeter across an oper-
ating strain gage and e.d$zstingthe strain-gage ourrent until the
si~ amplitude was equal to 0.00265 volt (rme), as indicated by
the voltmeter. With the eignal amplitude set at this value, the
voltmeter was ueed as an amolifier and Itm outuut connected to the
oscilloscope. The total Bi&iL amplitude aO
loscope screen wan equal to

0.00265 x 2 = 00075
0.707 .

The anpllfler-gain controle were so adjusted
amplltude w~e eqq~alto 1/2 Inch, thus fixing

~ewedon the oscil-

Volt

that the total signal
the calibration at

0.015 volt per inch. -

In order to determine the
generator was shut off and the
ccmnected across the operating
the calibration, the _itude
the slip rings and brushes was

contact-resistancechange, the signal
ampltfier and the oscilloscope were
slip rings and brushes. By means of
of the varying voltage drop through
measured on the oscilloscope screen.

The high-frequency conte.ct-resistancechange AR
substituting the mmsured values for the current
drop AV In the oquntion.

Wear Tests in 011

~ear teste were run on ehim-braes slip rings
brushes operating in oil because of the extremely
sures remlred for satisfactoryperformance. The

wan cal&lated by
I and the voltage

and silver-graphite
high brush pres-
1311prings and

brushes were cleaned in acetone,-the brush pressures were set suffi-
ciently high to give satlsfaotory operation (150 to 250 lb/eq in.),
and the sli~rlng speed was set at 2370 rpm. The slip rin& were
allowed to run continuously except for inspections at regular inter-
vals. The durations of all tests ranged from 6 to 10 hours.
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DISCUSSION (IFBZ”SULTS

Operation of Slip Rings and Brushee Dry

The slip-ring and brush combinations tested dry are listed In
table I together with remrke concerning their op~rating character-
istics. Many of these combinations were satisfactory in performance
Imt the following five combinations were considered most practicable
for uee in circuits to measure dynemlc etraln:

Plat~brese slip rings Pnd silver--graphitebrushes
Monel-metal.ell~ rings emd silver-graphitebrushes
Inconel slip ringE and silver-graphitebrushes
shim-brass slip rings and silve~graphite brashes
Silver-plated clip rings and soft-carbon brushes

The minimum brush pressiiresrequired for satisfactory operation of
the foregoing combinations are given in figure 3. The re~ke on
performance in table I and the data in figure 3 are applicable only
to the Wheatstone-bridge circuit. The figure shows data in terms of
surface speed (ft/min), because clip rings of four diameters were
teeted at various speeds of rotation.

If the results of theme t$stm are to be applied to similar clip
ring and brush eyst~ms, the effect of certain factore on the strain-
gage signal muet be considered. The magnitude of the etrain-gage
eignal ie dependent on the gage current, the gage resietanca, the
g-e strain-sensitivity factor, and the amount of strain at the point
where the gage is mounted. The values that were aseigned to each of
theee factors for use In this inveetig~tion were arbitrary and are
not necessarily the same as will be ueed in ether dynamic-etrain
applications. It should be noted that the ratio of eli~ring and
brush Interference to strain-gage signal variee inversely as the
gage resistance, the gage strain-sensitivityf~ctor, and the range
of strain at the point where the gage is mounted. This same ratio
is unaffected by changes in gage current. An improvement in the
performance of a slip-ring and brush system can thus be effected
by increasing the gage resistance, the sensitiv.ltyfactor of the
strain gages, or the range of strain.

Eigure 4 shows data taken at various surface speeds invhlch
a decreaee in the high-frequency contact-resistancechemge was
observed ae the brueh pressure was increased. It is apparent from
the trend of the date that the brush pressure ie critical sad that
to decrease It mmh below the minimum values shown in figure 3 would
grently Incretzee the amount of interference in the gignal.

I
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It is posrsibleto determine the performance of a potentiometer
circuit from the contact-resistance change of the slip rings _ .
brushes because the strain gage and the eliding contacts are h
Beries in the potentiometer circuit. The strain-gage signal and
the slip-ring and brush interferanoe are direotly proportional to
the resistance change of the strain gage and the resistance dxage
of the alldhg contacts. If a 500-ohm strain gage mounted on steel
Is subjected to a etreeusof 10,000 poundB per equare inch, the
raetBtaaoe change of the strain gage Is 0.3% oh. From the data
in figure ~ (a) It can be eeen thnt the lowest wilue of contact-
ree$stance change is 0.031 ohm. Thus, for the operating conditions
given In figure J(a), the minicmm ratio of interference to strain-
H4W slti would be:

Thla ratio or interference factor can then be used as a meaeure of
the performance of the circuit; the low r the Interference factor
the bettor the performance obtained from the system.

There is evidence tku=.tfilms euch as oxides form on the eur-
fe,ceof clip rings. (See reft=rence1.) These fIlme are seldom
cwhinuous d therefore they contribute to changee of the contact
reelstance. The brushes scrape a part or all of this film from the
slip rings, depending on the brush preseure, and thus at the higher
brush pressures most of the film Ie removed and the contact-
reeistance c-e is lowered. The tendency of filme to form more
easily on some eurfaces than on otherg is one of the factors that
distinguish a poor slip ring from a good one.

The wear-resistant characteristicsof these combination were

excellent at all the brueh preesurem UOed during the teets. me
total running time on any combination did not, however, exceed
6 hours; it was estlmnted that thle enmunt of time wouldbe suffi-
cient to obte.indynamic-etrain data from an operating engine part.
A ehlm-brass slip ring and silver-graphitebrush oomblnatlon oper-
ated satisfactorilywithout excessive we= on a crankshaft and
connecting-rod strain-meaeuringapplication for 22 hours.

Operation of Slip Ringe and Brushes in Oil

The most significant fact obeerved from the teste run in oil
was the extremely high brush pressure required for satisfactory
operation. (See flg. 3 and table II.) Only the shim-bress slip
rings and the eilver-gra~te bruehes were satisfactoryunder these
conditions. I!hehigh brush preesuree ueed in these tests apparently
eliminated the trends observed in figure 4 for dry operation bec~ae,
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in all the tests on the shim-brass slip rings and silver-graphite
brushes ran in oil, the contackresistance change remained at an
undetermined high v~ue titil a brush pressure was reached at whioh
the resistance change fell abruptly to a negligible quti ty.

The differezxe noted between operation dry and operation in
oil can be ex@nined by the presence of an oil film on the olip
ringo. This oil film remained on the contact surface between the
brushes and slip rings until the brush pressure was sufficiently
high to break it down. The breakdown of tbis film was for all
practical purposes, Instantaneous, after which the brushes made
positive electrical cont~.ctwith the slip rings and the contact
resistance became negligible.

The wear-resistant characteristics of the uiterials involved
in operation in oil are extremely important because of the high
brush pressure required to break down the lubricating oil film at
the points of sllding contact. Tests conducted at brush pressures
of 200 pounds per square inch and speede of 2370 rpm indicated that
the slip rings could he operated for 10 hours without undue we~.
One of these shim-brass slip-ring eyetems was also installed on an
engine-crankshaftand connecting-rod stress-measurement setup where
it operated for 5 hours before the weer became excessive. It wae
found that, if theee slip rings had a Pickers hardness number of
less than 150 or if the brushes became chipped at their contact
surfaces,prohibitive wear might take place In ae short a time aa
30 minutes. In an effort to eliminate chipped brushes as a cauee
of wear, the contsct surf~ces of the brushes and slip ri

7

s were
polishti and the edges of the brushes were rounded to a 1 64-inch
radius.

SUMHARY(lF RESUIJTS

Tests of 24 combinations of slip-ring and brush materials oper-
ating dry and g of these combinat~ons operating in oil over a range
of slip-ring speeds and brush ~essures g~ve the following results:

1. The followlng 5 combinations were considered most practicable
foruee in circuits to measure dynamic strain:
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Material comblnaticm Brush pressure required for
satlsfactorf operation dry

.. -. .. (lb/sq in.)

Plate-brass dip rln& and silver- 90
@?aphlte brushes

Monel+netal slip rings end sllver- 95
graphite brushes
Inconel slip rings and sllver- 100
graphite brushes

shim-brass slip rings and sllver- 95
graphite brushes
Silver-plated slip rlnge and soft- 95
carbon brushes

2. The shim-brass slip rings (Tickers hudness number, 150)
and the silver-graphitebrushes were the cnly ccmbinatinn to peticmm
satisfactoriQ “Inoil; a brueh premsure & 175 pounds per square lnoh
was requlrod.

3. These data may be used tc predlmt the perfozmmnce of sllp-
ring and brush systems provided that the conditions of operation
surrounding the systems and the strain-measuring clrcuita are similar
to those used in the presgnt tests,

4. An application & the results of the tests cn tho shim-lmass
slip rings end ‘&e silver-~aphlte hushes was made to the measure-.
ment of cperatl~. stresses In an engln~ crankskft ~.d comectlng

●
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rod. The slip rings operating In oil ran for 5 houm before they
started to veer e=essively, and the slip rings operating dry ran
for 22 hcurtIwithout wearing exceeeively.

Aircreft Engine Eeoearch Laboratory,
National.Advisory Committee for Aeronautics,

Cleveland, Ohio, March 30, 1945.

Im’IEiENcE

1. Baker, R. M.: Sliding Contacts-Electrical Characteristics.
~ec. u., vol. 55, no. 1, J~. 1936, PP. 94-1OO.
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TABLE I - SLn-m AND BRUSH MNXRINSTTHrEDmY

[2agestrain-sensitivityfaotor, 2.15; gage current, 20-25 milli-
amperes; gage reslstanoe, 1000 chine;alternating stress at gage,
8300 lb/sq in.; sllp-ri

3
speed, 2370 rpm; tests made with

Wheatetone-bridge oiroul

Slip-ring Vickers Brush material Performanoe
material hardness

number

Plate brass 116 Silver graphltea Good; brush pressure of
90 lb/sq in. required

Plate brass 116 Copper graphiteb Cood; brush pressure of
125 lb/sq in. required

Plate brass 116 Magnesium alloy Poor; excessive wear of
rhgs at brush pressure
al?12 lb/sq in.

Plate brass 116 Aluminum Poor; excessive we= of
clip rings at brush
pressure of 12 lb/sq in.

Plate brass 116 Soft carbon Poor; unstable operation
at brush pressure of
175 lb/sq in.

Plate brass, 161 Silver graphitea Cood; brush pressure of
shotblasted 80 lb/sq in. required

b Good; brush pressure ofShim brass 139 Copper graphite I 150lb/sq in. required
Shhn brass 139 Soft carbon Pflod;brush pressure of

175 lb/sq in. required
Shim brass 139 Hard carbon Cood; brush pressure of

150 lb/sq in. required
a Good; brush pressure ofShim brass 150 Silver graphite

95 lb/sq in. required
Silver plated Silver graphitea Poor; unstable and sli@t

wear ti clip rings at
80 lb/sq in.

Silver plated Copper graphiteb Poor; sli@t wesx of sliP
rings at 40 lb/sq in.

Silver plated Soft carbon Good; brush pressure of
95 lb/sq in. required

aAll silver-graphite brushes used ti these tests were 60-percent
silver by volume.

b~l ~opper-waphite bruehes ~eed in ~ese tests were 50-p0r0811t

copper by volume.
National Advisory Ccm3nittee

for Aeronautics
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TABLE I - SLIP-RING AND BRUSH MATERJ.AISTIWl!EDIXY - Concluded

Slip-ring
material

Silver plated

Monel metal

Monel metal

Monel metal

Inconel

Incone].

Inccne1

Stl?dllless
steel

Stainle8a
steel

Stainless
8teel

Carbon steel:
kmderied

Tickers I Brush material
I

Performame
wardne8B
munber ! !

124

124

124

10i

101

181

1.35

L85

602

Hard C=bOIl Good; brush pres8ure of
95 lb/sq In. required

S11ver graphitea Good; bru8h pressure of
95 Ib/sq in. required

Copper graphiteb Good; brush pressure of
125 lb/sq In. required

Hard carbon Good; brush pressure of
225 lb/8q in. required

Silver ~aphlte ~ Good; brush pressure of
100 lb/sq in. required

Copper graphltek Good; brush pressure of
125 lb/eq tn. required

Soft carbon Good; brush pressure &
2~0 lb/sq in. required

Silver graphltoa Cm&; br~sh pressure of

I

100 lb/8q In. required
b Pow; unstable operationCopper graphite

and sl@ht wear of Slip
rtige ah 100 lb/sq In.

Soft cerbori nor; UKWt able operat1on
up to brush presmuw of

kWf38im alloy
250 lb/sq in.
oor; mat able operat1on I

1- I and-excessive bti8h wear I

I at brush pres8ure of
12 lb/sq In. I

aAll silver-graphitebrushes u8ed k these tests were 60-percent
silver by volume.

bAll copner-graphite brushes used in these te8ts were 50-percent
copper-by volume.

Natlml AdVISOI’YC_ttee
for Aeronautics
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!I!AFIJ!11 -SI&?-RING AIVY)BRUSEMATERIA&l TESTED IN OIL

[Gagestrain-sensltlvltyfactor, 2.15;w current, 20-25 milli-
amperes; gage resistance, 500 ohms; alternating atreea at gage,
8300 lb/sq in.; slip-r

3

speed, 2370 rpn; teets made with
Wheatstcme-bridge oircui

Sllp-ring
material

SMm brass

S~lver plateil

Viokers
hardnea
number

116

i5Q

Y ‘e”–”
Silver graphltea Poor; ~lip rings worn ex-.

cessively at hush pres-
BI sure of 185 l.b/sqIn.

Silver graphite lGocd; brush pressure d

I 175 lb/sq in. required
Silver gmphitee Pocr; ellp rings worn ex-

; ceasively at brush prss-
sure & 12 lb/sq in.

Copper @?aphlteb Poor; slip rings worn IJX-,

i ceaeivc],y at brush pros-

1
aura of 60 lb/eq in.

Hard carbon I?ocr; 1311pringp worn ex.

i ceeaively at brush ‘,reo-

!Soft carton
sum of W lb/sq In.

PGor ; slip rlnm worn ux-
1 ~ cessivaly at brush prec-

i
‘1

mro of 60 lb~gq In.
]24 ISil.vergraphltf,c’Poor; unstable up to brusl

I premmre @f 4G0 lb/aq in.
~sl ~S~lV”r g~phlt=a p~~~; lurmtablcup tO “Drudl

—-—
I premure & 400 l.b/sqk.

aA1l.silver-:~apnitebrushes used in
silver by volume.

bAll cqmtir-gmphite brushes used in
oopp~r-b: vclume.

them tcatn wore 60-percent

these trots were 50-p53rcent
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Figure 2. - Circuit diagrams for testing slip rings and
brushes for use in dynamic-stra in-measur ing applications.



Figure 3. - Minimum brush pressures required for satS.sfactory performance of various slip-
ring and brush combinations in dynamic-strain-measuring applications. Gage straln-
sensitivity factor, 2.15; gage current, 35-40 milliamperes; gage resistance, 500 ohms;
alternating stress at gage, 12,000 pounds per square inch; tests made with Wheatstone-
brl.dgecircuit.
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Figure 4. - Effect of brush pressurem oontact-resistanceohange for various slip-ring
and brush combinationstested dry.
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(b) Monel-metal slip rings and silver-graphite brushes.
Figure 4. - Continued. Effect of brush pressure on contact-resistance change for various

slip-ring and brush combinations tested dry.
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Figure 4. - Continued, Effect of brush pressure on contact-resistance change for various
slip-ring and brush combinations tested dry.
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Figure 4. - Continued. Effect of brush pressure on contact-resistance change for various
slip-ring and brush combinations tested dry.
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Figure 4. - Concluded. Effect of brush pressure on contact-resistance change for various
slip-ring and brush combinations tested dry.
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